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* NOTICES * 

Japan Patent Office is not responsible for any _ — 

damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the medical fluid art using the 
processing medical fluid which performs etching or washing of a semiconductor substrate, and the 
medical fluid concemed in manufacture processes, such as a semiconductor device. 
[0002] 

[Description of the Prior Art] In manufacture processes, such as a semiconductor device, the medical 
fluid which raised the ratio of a hydrogen peroxide rather than the medical fluid which mixed aqueous 
ammonia, 30-% of the weight hydrogen peroxide solution, and ultrapure water to 1 :1 :5 by the volume 
ratio 30% of the weight, or this ratio is usually used for the purpose of the particle of a semiconductor 
substrate front face, and removal of the organic substance. The mixed conditions of the aforementioned 
medical fluid are decided as a result of trial and error in balance with washing nature and the granularity 
of the semiconductor substrate front face after washing. Washing of the semiconductor substrate by the 
medical fluid concemed is performed by heating the medical fluid concemed to about 60 degrees C, and 
each medical fluid concentration in a washing tub changes with time towards decreasing by those 
evaporation, decomposition, etc. Therefore, the stability of washing is secured by processing a wafer, 
performing a medical fluid supplement for every fixed time. In JP,7-142435,A, the way change of the 
etch rate to ammonia concentration washes in the concentration field to 2.0 to few 3.5 % of the weight is 
indicated. 

[0003] In JP,63-2741495A, what contains the fourth class ammonium hydroxide as a processing agent 
used for washing processing of a semiconductor etc. is indicated. Moreover, instead of the hydrogen 
peroxide, the art using ozone is indicated by JP, 1-99221, A etc. as an oxidizer. 
[0004] 

[Problem(s) to be Solved by the Invention] Although the medical fluid in a processing tub will be total- 
exchanged by the washing method which uses the penetrant remover which carried out hydrogen- 
peroxide content with ammonia if it results in the stage which a throughput does not recover even if it 
performs the stage or the supplement to which contamination of the medical fluid in a processing tub 
usually progressed, compared with the amount of medical fluids supplied to a processing tub at the time 
of the total exchange, it is by no means few in the supplement total amount of the medical fluid supplied 
by the total exchange. By the method of JP,7-142435,A, a supplement is not performed until ammonia 
concentration becomes 2.0 or less % of the weight, but the supplement interval is extended till 100 
minutes, however, the method concemed is supplying so that it may become 3.5% of the weight, when 
100 parts are passed, although the effect was on the stable disposition of medical fluid processing, and 
the effect of curtailment of the amount of supplements is small As long as ammonia with high vapor 
pressure is used as alkali, it is hard to avoid the concentration fall by volatilization, and it must add 
water at the same time it fills up a medical fluid as alkali or an oxidizer, since each commercial medical 
fluid is about 30 % of the weight, and ammonia and a hydrogen peroxide must supply in consideration 
of dilution by supplement. 
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[0005] The fourth class ammonium hydroxide which the processing agent of JP,63-2741495A contains 
has vapor pressure lower than ammonia, and the concentration fall of the alkali component by 
volatilization can be improved sharply .However, a hydrogen peroxide is indispensable, in order for the 
processing agent concerned to contain the hydrogen peroxide and surfactant other than the fourth class 
ammonium hydroxide and to suppress an etch rate. Since, as for a hydrogen peroxide, concentration 
decreases with time progress according to an autolysis in the chemical reaction row of wafer processing, 
a hydrogen peroxide needs to be supplied also in this case. 

[0006] Ozone can be easily prepared by using a commercial ozone generator in the manufacture site of a 
semiconductor device. Therefore, if ozone is used as a peroxidation agent instead of a hydrogen 
peroxide, curtailment of the manufacturing cost by medical fluid purchase can be aimed at. In addition, 
it excels also in the point that dilution by medical fluid supplement does not occur like a hydrogen 
peroxide. However, the concentration fall by volatilization is not avoided, but in order to be stable 
medical fluid processing, the supplement of ammonia is indispensable, as it already said that ammonia is 
used as alkali like the method currently indicated by JP, 1-99221, A etc. Moreover, it is mentioned in 
JP,8-12488,A that ammonia oxidizes by ozone and carries out concentration reduction with time 
progress as a trouble of this method. 

[0007] In JP,8-12488,A, the method of using for alkali the tetramethylammonium hydroxide which does 
not oxidize by ozone is indicated, and if a hydrogen peroxide is used together as an oxidizer according 
to the official report concerned, it is supposed that ozone efficiency can be gathered. However, 
according to examination by the artificer, in the case of Si substrate, an etch rate is quick, the granularity 
on the fii^ont face of a substrate after processing was large, and it became clear that it is not suitable for 
manufacture of the semiconductor device of the super-high accumulation demanded to stop the surface 
roughness after processing by the method which does not contain a hydrogen peroxide among JP,8- 
12488, A- Although the problem of surface roughness will improve if a hydrogen peroxide is used 
together, the problem by using an above-mentioned hydrogen peroxide arises. 

[0008] this invention has little change with time in a throughput, and aims at offering the medical fluid 
art using the processing medical fluid which can perform etching of a semiconductor substrate, or 
washing lotion liquid processing, and the medical fluid concemed by the few medical fluid supplement 
for a long time. 
[0009] 

[Means for Solving the Problem] The artificer performed various examination about washing processing 
of Si semiconductor substrate by the mixed medical fluid of an alkaline medical fluid and an oxidizing 
quality medical fluid, and discovered the following facts. 

[0010] Being able to express the washing capacity of a medical fluid by the etch rate on the fi-ont face of 
a substrate (it considers as dR/dt below), dR/dt is OH in a medical fluid. - It is set by the function 
depending on concentration and processing temperature. In etching of Si substrate or a metal membrane, 
there are oxidization, a reaction (the 1st reaction) to which the dissolution progresses gradually, and a 
reaction (the 2nd reaction) to which oxidization and the dissolution progress simultaneously. Oxidizer 
concentration is OH. - In being larger than concentration, the 1st reaction progresses to dominance. 
Oxidizer concentration is [ a low and ] OH. - The 2nd reaction which participates in both oxidization 
and the dissolution progresses. In the case of Si substrate, etching at the 2nd reaction is anisotropic 
etching, and progresses quickly far rather than what is depended on the 1st reaction. Therefore, if 
washing processing of Si substrate is performed on conditions to which contribution of the 2nd reaction 
becomes large, surface roughness will increase. It is desirable to perform washing processing on 
conditions which do not almost have contribution of the 2nd reaction, and, for that, it is OH. - After 
holding down concentration to 10 to 3 or less mol/1, it is required for an oxidizer with existence of the 
oxidizer which can oxidize Si substrate front face, i.e., strong oxidizing power, to be sufficient 
concentration at the speed exceeding the 2nd reaction. However, in order to secure washing nature, it is 
not concemed with the concentration of an oxidizer, but it is OH. - It is required for concentration to be 
10 to 5 or more mol/1. 

[001 1] this invention is made by the rule found out by the aforementioned artificer and the hydroxide 
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row of the fourth class ammonium based on the matter property of ozone, the processing medical fluid 
of the semiconductor substrate of this invention The fourth class ammonium hydroxide and ozone are 
. contained, and it is, OH. - Concentration is 10-5 - 10-3 mol/1. It is characterized by an ozone level being 
10 to 5 or more mol/l, and it is desirable for the fourth class ammonium hydroxide concentration to be 
10-3 - 1 mol/L As the fourth class ammonium hydroxide, a tetramethylammonium hydroxide is suitable, 
further Weak-acid ion content is carried out and the weak-acid ion concerned is Above OH. - While 
performing autolysis, volatilization, the thing that does not cause the fall of concentration by the reaction 
with ozone, or processing in concentration conditions, it is desirable for the concentration fall concemed 
to be slight. 

[0012] Moreover, in the medical fluid art of a semiconductor substrate, the fourth class ammonium 
hydroxide solution of the specified quantity is supplied to a medical fluid processing tub, next it is OH. - 
So that concentration may turn into predetermined concentration between 10-5 - 10-3 mol/1 Supply an 
organic acid or an inorganic acid, next, adjust an oil level by ultrapure water, and, more nearly next than 
an ozonator, bubbling of the ozone content gas is carried out to the medical fluid concemed. After 
carrying out the temperature up of the medical fluid concemed to the predetermined temperature of 90 
degrees C or less and reaching predetermined temperature, the ozone content gas concemed next, 
continuation or by carrying out the predetermined-time dipping of the semiconductor substrate of a 
processing object to the processing medical fluid concemed, supplying intermittently As for formic acid, 
an acetic acid, a propionic acid, and an inorganic acid, it is [ the aforementioned organic acid which 
performs etching or washing processing of a semiconductor substrate ] desirable to use a hydrofluoric 
acid, a hydrochloric acid, a nitric acid, a sulfuric acid, a phosphoric acid, and a boric acid. Or the fourth 
class ammonium hydroxylation solution of the specified quantity is supplied to a medical fluid 
processing tub, and, next, it is OH. - So that concentration may turn into predetermined concentration 
between 10-5 - 10-3 mol/1 Blow a sour gas or a carbon dioxide and, next, an oil level is adjusted by 
ultrapure water. From an ozonator, carry out bubbling of the ozone content gas to the medical fluid 
concemed, and, next, the temperature up of the medical fluid concemed is carried out to the 
predetermined temperature of 90 degrees C or less. After reaching predetermined temperature, the ozone 
content gas concemed the semiconductor substrate of a processing object to the processing medical fluid 
concemed continuation or by carrying out the dipping of the predetermined-time semiconductor 
substrate, supplying intermittently It is characterized by performing etching or washing processing of a 
semiconductor substrate, and the aforementioned sour gas is a hydrogen chloride, hydrogen fluoride, 
NOX, and SOx. Using is desirable. 

[0013] It is desirable to use for a medical fluid supplement the ultrapure water which made the further 
carry out the saturation dissolution of the ozone beforehand at the medical fluid manufacture row within 
a processing tub. 
[0014] 

[Embodiments of the Invention] Next, the gestalt of operation of this invention is explained with 

reference to a drawing. 

[0015] 

[Example] 

Example 1 drawing 1 shows the particle removal performance at the time of processing Si 
semiconductor substrate with the medical fluid of this invention, and the surface roughness on the front 
face of a substrate after processing. Processing temperature is 65 degrees C and the processing time is 
for 10 minutes. A solid Hne is based on the manufacture conditions of this invention, and a dashed line 
portion is OH from the manufacture conditions of this invention. - The case where it prepares so that 
concentration may become low or high is shown. It is concentration set to the processing medical fluid 
of the semiconductor substrate of this invention, and predetermined [ between 10-3-1 mol/1 ] in the 
concentration of the hydroxide of the fourth class ammonium, and is OH in a processing medical fluid. - 
So that concentration may become 5x10-5 - 1x10-3 mol/1 The OH concemed - Although autolysis, 
volatilization, and the medicine for neutralization (what works as an acid to ammonia) to which a 
concentration fall contains the slight matter by the reaction with ozone are added on concentration 
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conditions and an ozone level is performed by 10 to 5 or more mol/1 Using a tetramethylammonium 
hydroxide as the fourth class ammonium hydroxide, the concentration performs by ten to 2 mol/L, and 
an ozone level performs the result of drawing 1 by 5x1 0 to 4 mol/l. By making a medical fluid carry out 
the saturation dissolution of the ozone especially at the time of manufacture, during processing, ozone is 
supplied from the bottom of the tank section so that the saturation dissolution can be maintained, and it 
is OH. - When the medical fluid concerned was prepared so that concentration may become 2.5x10-4 
mol/1, the particle removal performance equivalent to conventional ammonia and the mixed medical 
fluid of a hydrogen peroxide was obtained, and surface roughness was also of the same grade. 
[0016] Although the fourth class anmionium hydroxide is not limited to a tetramethylammonium 
hydroxide, the carbon number of an alkyl group can use three or less thing desirably [ a thing long-chain 
in an alkyl group ] in respect of solubility. The tetramethylammonium hydroxide which a high grade 
thing tends to receive was the most desirable to semiconductor manufacture, and used the 
tetramethylammonium hydroxide for the drawing 1 row also in the experiment of below-mentioned 
drawing 2 at it. 

[0017] Of course, the common acid as the aforementioned medicine for neutralization can also use a 
sour gas and a carbon dioxide. For example, it was able to skin as an acid and carboxylic acids, such as 
an acid, an acetic acid, and a propionic acid, a hydrofluoric acid, a hydrochloric acid, the nitric acid, the 
sulfuric acid, the phosphoric acid, and the boric acid were able to be used. A medical fluid is OH when a 
phosphoric acid is used for weak-acid rows, such as the aforementioned carboxylic acid, and a 
hydrofluoric acid, a boric acid. - It has buffer capacity about concentration and is OH under processing. - 
The stability of concentration was high. Moreover, a carbon dioxide is blown and it is OH. - A medical 
fluid is OH when concentration is prepared. - It has buffer capacity about concentration and is OH under 
processing. - The stability of concentration was high. 

[0018] What blew the ozone content gas beforehand generated from the ozonator within the depot into 
the ultrapiu-e water used for dilution, and carried out the saturation dissolution of the ozone was used. 
Bubbling of the ozone content gas generated from the ozonator was carried out from the processing 
bottom of the tank section during processing of Si semiconductor substrate. 

[0019] Example 2 drawin g 2 shows concentration change of the alkali component at the time of carrying 
out consecutive processing of the semiconductor substrate, without supplying. By this experiment, 
tetramethylammonium-hydroxide concentration is 10-2 mol/1 and OH. - It prepared so that concentration 
might become 2.5x10-4 mol/1 and an ozone level might become 5x10-4 mol/1. In addition, only addition 
of ultrapure water was performed for oil-level maintenance. In the case of conventional ammonia and 
the mixed medical fluid of a hydrogen peroxide, the ammonia which cannot perform medical fluid 
processing stabilized without the supplement, but is emitted during processing at a jet pipe is great. On 
the other hand, in the processing medical fluid of this invention, 90% or more remained at the time after 
the 2-hour progress from which remains of ammonia become 10% or less with conventional ammonia 
and the mixed medical fluid of a hydrogen peroxide. 

[0020] In washing aiming at the particle removal by the medical fluid concerned, loss by volatilization 
and the autolysis of the medical fluid component under processing is conspicuous compared with the 
conventional technology, it is small, and the life of a medical fluid is long and there are also very few 
supplements of the medical fluid under processing. On the other hand, the particle removal performance 
is equivalent to the conventional technology, and the increase in the granularity on the front face of a 
substrate after processing is also of the same grade as the conventional technology. Since composition 
change is small, the medical fluid throughput is also stable, and the yield of a semiconductor device and 
reliability can be improved. Furthermore the amount of the medical fluid used can be cut down sharply, 
and the cost of medical fluid purchase and the processing cost of a waste medical fluid can be reduced 
sharply. As for this, maintenance of the earth environment which poses a problem simultaneously these 
days is also effective. 
[0021] 

[Effect of the Invention] As explained above, according to this invention, a medical fluid throughput is 
stabilized and the yield of a semiconductor device and improvement in reliability can be performed. In 
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addition, when the amount of the medical fluid used can be suppressed and the cost of medical fluid 
purchase and the processing cost of a waste medical fluid can be cut down, an environmental load can 
contribute to maintenance of earth environment small. - - 



[Translation done.] 
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